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PROVISIONAL PATENT APPLICATION 

5 

PREVENTION OF PROTEIN AGGREGATION 

BACKGROUND OF THE INVENTION 
10 TECHNICAL FIELD 

Ifl The present invention relates to a method and 

composition for use in preventing protein aggregation. 
^? More specifically, the present invention relates to an 

lb 15 anti-aggregating antibody that is delivered to a patient 

)□ to prevent and/or treat Alzheimer's Disease. 

• .1 

DESCRIPTION OF THE INVENTION 



A detailed description of the compbsition and method 
of delivery of the anti-aggregating agent is set forth in 
Appendix A included herewith and incorporated by reference 
in its entirety. 
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METHODS: 

General methods in molecular biology: Standard 
molecular biology techniques known in the art and not 
specifically described were generally followed as in 
sambrook et al.. Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor Laboratory Press, New York (1989) , and 
in Ausubel et al.. Current Protocols in Molecular Biology, 
John Wiley and Sons, Baltimore, Maryland (1989) and in 
Perbal, A Practical Guide to Molecular Cloning, John Wiley 
& Sons, New York (1988), and in Watson et al . , Recombinant 
DNA, Scientific American Books, New York and in Birren et 
al (eds) Genome Analysis.- A Laboratory Manual Series, 
Vols. 1-4 Cold Spring Harbor Laboratory Press, New York 
(1998) and methodology as set forth in United States 
patents 4,666,828; 4,683,202; 4,801,531; 5,192,659 and 
5,272,057 and incorporated herein by reference. 
Polymerase chain reaction (PCR) was carried out generally 
as in PCR Protocols: A Guide To Methods And Applications, 
Academic Press, San Diego, CA (1990) . In-situ (In-cell) 
PCR in combination with Flow Cytometry can be used for 
detection of cells containing specific DNA and mRNA 
sequences (Testoni et al, 1996, Blood 87:3822.) 

General methods in immunology: Standard methods in 
25 immunology known in the art and not specifically described 
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20 
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are generally followed as in Stites et al.(eds), Basic and 
Clinical Immiinology (8th Edition), Appleton & Lange, 
Norwalk, CT (1994) and Mishell and Shiigi (eds) , Selected 
Methods in Cellular Immxinology, W.H. Freeman and Co., New 
5 York (1980) . 

Immuno ass a vs 

In general, ELISAs are the preferred immxinoassays 
employed to assess a specimen. ELISA assays are well 
10 known to those skilled in the art. Both polyclonal and 
monoclonal antibodies can be used in the assays. Where 
appropriate other immunoassays, such as radioimmunoassays 
(RIA) can be used as are known to those in the art. 
Available immxinoassays are extensively described in the 
15 patent and scientific literature. See, for example. 



3,850,578; 3,853,987; 3,867,517; 3,879,262; 3,901,654; 
3,935,074; 3,984,533; 3,996,345; 4,034,074; 4,098,876; 
4,879,219; 5,011,771 and 5,281,521 as well as Sambrook et 
20 al, MolBcular Cloning: A Lahoratojry Manual, Cold Springs 
Harbor, New York, 1989 

Antibody Production 

Antibody Production: Antibodies may be either 
25 monoclonal, polyclonal or recombinant. Conveniently, the 
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antibodies may be prepared against the immunogen or 
portion thereof for example a synthetic peptide based on 
the sequence, or prepared recombinantly by cloning 
techniques or the natural gene product and/or portions 
5 thereof may be isolated and used as the immunogen. 

Immunogens can be used to produce antibodies by standard 
antibody production technology well known to those skilled 
in the art as described generally in Harlow and I*ane, 
Antibodies: A LaJDoratoxy Manual ^ Cold Spring Harbor 

vfi 10 Laboratory, Cold Spring Harbor, NY, 1988 and Borrebaeck, 

Q 

u Antibody Engineering - A Practical Guide, W.H. Freeman and 

ifl 

III Co., 1992. Antibody fragments may also be prepared from 

i^i: the antibodies and include Fab, F(ab')2/ ^^d Fv by methods 

'si 

known to those skilled in the art. 



For producing polyclonal antibodies a host, such as a 
rabbit or goat, is immunized with the immiinogen or 
immunogen fragment, generally with an adjuvant and, if 
necessary, coupled to a carrier; antibodies to the 
2 0 immunogen are collected from the sera. Further, the 
polyclonal antibody can be absorbed such that it is 
monospecific. That is, the sera can be absorbed against 
related ixmnunogens so that no cross-reactive antibodies 
remain in the sera rendering it monospecific. 

25 
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For producing monoclonal antibodies the technique 
involves hyperimmunization of an appropriate donor with 
the immunogen, generally a mouse, and isolation of splenic 
antibody producing cells. These cells are fused to a cell 
having immortality, such as a myeloma cell, to provide a 
fused cell hybrid which has immortality and secretes the 
required antibody. The cells are then cultured, in bulk, 
and the monoclonal antibodies harvested from the culture 
media for use . ^ 



For producing recombinant antibody (see generally 
Huston et al, 1991; Johnson and Bird, 1991; Memaugh and 
Memaugh, 1995) , messenger RNAs from antibody producing B- 
lymphocytes of animals, or hybridoma are reversa- 
ls transcribed to obtain complimentary DNAs (CDNAs) . 

2Vnt- n >w-v/1-tr r^'ny^Ti i>t>i -I *-^V. <r,,nT j ^ -i n _ 

'—J "^^j.wA* wuuLx JULij-j* ^^j. ^CXJ.I.J.CLX Xtfll^UIl, ifci 

amplified and cloned into a phage or a plasmid. The cDNA 
can be a partial length of heavy and light chain cDNA, 
separated or connected by a linker. The cintibody, or 
20 antibody fragment, is expressed using a suitable 
expression system to obtain recombinant antibody. 
Antibody cDNA can also be obtained by screening pertinent 
e^^ression libraries. 

25 The antibody can be bound to a solid support 

substrate or conjugated with a detectable moiety or be 
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both bound and conjugated as is well known in the art. 
(For a general discussion of conjugation of fluorescent or 
enzymatic moieties see Johnstone & Thorpe, Jiranunochemistiry 
in Practice, Blackwell Scientific Publications, Oxford, 
5 1982.) The binding of antibodies to a solid support 
substrate is also well known in the art, (see for a 
general discussion Harlow & Lane Antihodies : A Lahoratozy 
Manual, Cold Spring Harbor Laboratory Publications, New 
York, 1988 and Borrebaeck, Antibody Engineering - A 
10 Practical Guide, W.H, Freeman and Co., 1992)" The 
detectable moieties contemplated with the present 
invention can Include, but are not limited to, 
fluorescent J metallic, enzymatic and radioactive markers 
such as biotin, gold, ferritin, alkaline phosphatase, P- 

15 galactosidase, peroxidase, urease, fluorescein, rhodaraine, 
tritium, ^*C and iodination. 

Recombinant Protein Purification 

Marshak et al, "Strategies for Protein Purification and 
20 Characterization* A laboratory course manual." CSHL 
Press, 1996, 

Transgenic and Knockout Methods 

The present invention may provide for transgenic gene 
25 and polymorphic gene animal and cellular (cell lines) 
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models as well as for knockout models. These models are 
constructed using standard methods known in the art and as 
set forth in United States Patents 5,487,992, 5,464,764, 
5,387,742, 5,360,735, 5,347,075, 5,298,422, 5,288,846, 
5,221,778, 5,175,385, 5,175,384,5,175,383, 4,736,866 as 
well as Burke and Olson (1991), Capecchi (1989), Davies et 
al. (1992), Dickinson et al , (1993), Duff and Lincoln 
(1995), Huxley et al. (1991), Jakobovits et al. (1993), 
Lamb et al- (1993), Pearsox?. and Choi (1993), Rothstein 
(1991), Schedl et al . (1993), S^irauss et al. (1993). 
Further, patent applications WO 94/23049, WO 93/14200, WO 
94/06908, WO 94/28123 also provide information. 

For gene therapy ; 

By gene therapy as used herein refers to the transfer 
of genetic material (e.g DNA or RNA) of interest into a 
host to treat or prevent a genetic or acquired disease or 
condition phenotype. The genetic material of interest 
encodes a product (e.g. a protein, polypeptide, peptide, 
functional RNA, antisense) whose production in vivo is 
desired. For example, the genetic material of interest 
can encode a hormone, receptor, enzyme, polypeptide or 
peptide of therapeutic value. Alternatively, the genetic 
material of interest encodes a suicide gene. For a review 
see, in general, the text "Gene Therapy" (Advances in 
Pharmacology 40, Academic Press, 1997) . 



Two basic approaches to gene therapy have evolved: 
(1) ex vivo and (2) in vivo gene therapy. In ex vivo gene 
therapy cells are removed from a patient, and while being 
5 cultured are treated in vitro. Generally, a functional 
replacement gene is introduced into the cell via an 
appropriate gene delivery vehicle/method {transf ection, 
transduction, homologous recombination, etc.) and an 
expression "System as needed and then the modified cells 
10 are expanded in culture and returned to the host/patient. 
These genetically reimplanted cells have been shown to 
express the transfected genetic material in situ. 

In in vivo gene therapy, target cells are not removed 
15 from the subject rather the genetic material to be 

transferred is introduced into the cells of the recipient 
organism in situ, that is within the recipient. In an 
alternative embodiment, if the host gene is defective, the 
gene is repaired in situ [Culver, 19S8] . These 
20 genetically altered cells have been shown to express the 
transfected genetic material in situ. 

The gene expression vehicle is capable of 
delivery/transfer of heterologous nucleic acid into a host 
25 cell. The expression vehicle may include elements to 
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control targeting, expression and transcription of the 
nucleic acid in a cell selective manner as is ]cnown in the 
art. It should be noted that often the 5'UTR and/or 3»UTR 
of the gene may be replaced by the 5'UTR and/or 3'UTR of 
5 the expression vehicle. Therefore as used herein the 

expression vehicle may, as needed, not include the 5'UTR 
and/or 3*UTR of the actual gene to be transferred and only 
include the specific amino acid coding region. 

10 ^ The expression vehicle can include a promoter for 

controlling transcription of the heterologous material and 
can be either a constitutive or inducible promotor to 
allow selective transcription. Enhancers that may be 
required to obtain necessary transcription levels can 

15 optionally be included. Enhancers are generally any non- 
translated DNA sequence which works contiguously with the 
coding sequence (in cis) to change the basal transcription 
level dictated by the promoter. The expression vehicle 
can also include a selection gene as described herein 

20 below. 



Vectors can be introduced into cells or tissues by 
any one of a variety of known methods within the art. 
Such methods can be found generally described in Sambrook 
25 et al.. Molecular Cloning: A Laboratory Manual, Cold 
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Springs Harbor Laboratory, New York (1989, 1992), in 
Ausubel et al . , CiLrjrent Protocols in Molecular Biology, 
John Wiley and Sons, Baltimore, Maryland (1989), Chang et 
al.. Somatic Gene Therapy, CRC Press, Ann Arbor, MI 
(1995), Vega et al . , Gene Targeting, CRC Press, Ann Arbor, 
MI (1995), Vectors: A Survey of Molecular Cloning Vectors 
and Their Uses, Butterworths, Boston MA (1988) and Gilboa 
et al (1986) and include, for example, stable or transient 
transfection, lipofection, electroporation and infection 
with recombinant viral vectors. In addition, see United 
States patent 4,866,042 for vectors involving the central 
nervous system and also United States patents 5,464,764 
and 5,487,992 for positive -negative selection methods. 

Introduction of nucleic acids by infection offers 
several advantages over the other listed methods. Higher 
efficiency can be obtained due to their infectious nature. 
Moreover, viruses are very specialized and typically 
infect and propagate in specific cell types. Thus, their 
natxiral specificity can be used to target the vectors to 
specific cell types in vivo or within a tissue or mixed 
culture of cells. Viral vectors can also be modified witb 
specific receptors or ligands to alter target specificity* 
through receptor mediated events. 
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A specific example of DNA viral vector for 
introducing and expressing recombinant sequences is the 
adenovirus derived vector Adenop53TK, This vector 
expresses a herpes virus thymidine kinase (TK) gene for 
either positive or negative selection and an expression 
cassette for desired recombinant sequences . This vector 
can be used to infect cells that have an adenovirus 
receptor which includes most cancers of epithelial origin 
as well as others. This vector as well as others that 
exhibit similar desired functions can be used to treat a 
mixed population of cells and can include, for example, an 
±12 vitro or ex vivo culture of cells, a tissue or a human 
siibject . 

Additional features can be added to the vector to 
ensure its safety and/or enhance its therapeutic efficacy. 
Such features include, for example, markers that can be 
used to negatively select against cells infected with the 
recombinant virus. An example of such a negative 
selection marker is the TK gene described above that 
confers sensitivity to the amtibiotic gancyclovir. - 
Negative selection is therefore a mecins by which infection 
can be controlled because it provides inducible suicide 
through the addition of antibiotic. Such protection 
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ensures that if, for example, mutations arise that produce 
altered forms of the viral vector or recombinant sequence, 
cellular transformation will not occur. 



5 Features that limit expression to particular cell 

types can also be included. Such features include, for 
example, promoter and regulatory elements that are 
specific for the desired cell type. 

irt 10 111 addition, recombinant viral vectors are useful for 

1^ J.n vzvo expression of a desired nucleic acid because they 

n) offer advantages such as lateral infection and targeting 

specificity. Lateral infection is inherent in the life 
_ cycle of, for example, retrovirus and is the process by 
;2 15 which a single infected cell produces many progeny virions 
fl, that bud off and infect neighboring cells. The result is 

^ that a large area becomes rapidly infected, most of which 

was not initially infected by the original viral 
particles. This is in contrast to vertical-type of 
20 infection in which the infectious agent spreads only 
through daughter progeny. Viral vectors can also be 
produced that are unable to spread laterally. This 
characteristic can be useful if the desired purpose is to 
introduce a speciified gene into only a localized number of 
25 targeted cells. 
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As described above, viruses are very specialized 
infectious agents that have evolved, in many cases, to 
elude host defense mechanisms. TyP^^^^^Y/ viruses infect 
and propagate in specific cell types. The targeting 
specificity of viral vectors utilizes its natural 
specificity to specifically target predetermined cell 
types and thereby introduce a recombinant gene into the 
infected cell. The vector to be used in the methods of 
the invention will depend on desired cell type to be 
targeted and will be known to those skilled in the art . 
For example, if breast cancer is to be treated then a 
vector specific for such epithelial cells would be used. 
Likewise, if diseases or pathological conditions of the 
hematopoietic system are to be treated, then a viral 
vector that is specific for blood cells and their 
precursors., preferably for the specific type of 
hematopoietic cell, would be used. 

Retroviral vectors can be constructed to function 
either as infectious particles or to undergo only a single 
initial round of infection. In the former case, the 
genome of the virus is modified so that it maintains all 
the necessary genes, regulatory seq[uences and packaging 
signals to synthesize new viral prote^ins and RNA, Once 
these molecules are synthesized, the host cell packages 
the RNA into new viral particles which are capable of 
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\andergoing further rounds of infection. The vector's 
genome is also engineered to encode and express the 
desired recombinant gene. In the case of non- infectious 
viral vectors, the vector genome is usually mutated to 
5 destroy the viral packaging signal that is required to 

encapsulate the RNA into viral particles. Without such a 
signal, any particles that are formed will not contain a 
genome and therefore cannot proceed through subsequent 
rounds of infection. The specific type of vector will 
10 depend upon the intended application. The actual vectors 
are also known and readily available within the art or can 
be constructed by one skilled in the art using well-known 
methodology. 

15 The recombinant vector can be administered in several 

ways. If viral vectors are used, for example, the 
procedure can take advantage of their target specificity 
and consequently, do not have to be administered locally 
at the diseased site. However, local administration can 

20 provide a quicker and more effective treatment, 

administration can also be performed by, for example, 
intravenous or subcuteineous injection into the svibject. 
Injection of the viral vectors into a spinal fluid can 
also be used as a' mode of administration, especially in 

25 the case of neuro- degenerative diseases. Following 

injection, the viral vectors will circulate until they 
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recognize host cells with the appropriate target 
specificity for infection. 

An alternate mode of administration can be by direct 
5 inoculation locally at the site of the disease or 

pathological condition or by inoculation into the vascular 
system supplying the site with nutrients or into the 
spinal fluid. Iiocal administration is advantageous 
because there is no dilution effect and, therefore , a 

10 smaller dose is required to achieve expression in a 
majority of the targeted cells. Additionally, local 
inoculation can alleviate the targeting requirement 
required with other forms of administration since a vector 
can be used that infects all cells in the inoculated area, 

15 If expression is desired in only a specific subset of 
cells within the inoculated area, then promoter and 
regulatory elements that are specific for the desired 
svibset can be used to accomplish this goal . Such non- 
targeting vectors can be, for example, viral vectors, 

20 viral genome, plasmids, phagemids and the like, 

Transf ection vehicles such as liposomes can also be used 
to introduce the non-viral vectors described above into 
recipient cells within the inoculated area. Such 
trsmsf ection vehicles are known by one skilled within the 

25 art , 
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Delivery of gene products /therapeutics (compound) : 

The compound of the present invention is administered 
5 and dosed in accordance with good medical practice, taking 
into account the clinical condition of the individual 
patient, the site and method of administration, scheduling 
of administration, patient age, sex, body weight and other 
factors known to medical practitioners . The 

10 pharmaceutically "effective amount" for purposes herein is 
thus determined by such considerations as are known in the 
art. The amount must be effective to achieve improvement 
including but not limited to improved suirvival rate or 
more rapid recovery, or improvement or elimination of 

15 symptoms and other indicators as are selected as 
appropriate measures by those skilled in the art. 

In the method of the present invention, the compound 
of the present invention can be administered in various 

20 ways- It should be noted that it can be administered as 
the compo\ind or as pharmaceutically acceptable salt and 
can be administered alone or as an active ingredient in 
combination with pharmaceutically acceptable carriers, 
diluents, adjuvants and vehicles. The compounds can be 

25 administered orally, subcutaneous ly or parent erally 
including intravenous, intraarterial, intramuscular. 
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intraperitoneally, and intranasal administration as well 
as intrathecal and infusion techniques. Implants of the 
compounds are also useful. The patient being treated is a 
warm-blooded animal and, in particular, mammals including 
man. The pharmaceutically acceptable carriers, diluents, 
adjuvants and vehicles as well as implant carriers 
generally refer to inert, non- toxic solid or liquid 
fillers, diluents or encapsulating material not reacting 
with the active ingredients of the invention. 

It is noted that humans are treated generally longer 
than the mice or other experimental animals exemplified 
herein which treatment has a length proportional to the 
length of the disease process and drug effectiveness. The 
doses may be single doses or multiple doses over a period 

The doses may be single doses or multiple doses over 
a period of several days. The treatment generally has a 
length proportional to the length of the disease process 
and drug effectiveness and the patient species being 
treated. 

When administering the compound of the present 
invention parenterally, it will generally be formulated in 
a unit dosage injectable form (solution, suspension, 
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emulsion) . The pharmaceutical formulations suitable for 
injection include sterile aqueous solutions or dispersions 
and sterile powders for reconstitution into sterile 
injectable solutions or dispersions. The carrier can be a 
5 solvent or dispersing medium containing, for example, 

water, ethanol, polyol (for example, glycerol, propylene 
glycol, liquid polyethylene glycol, and the like) , 
suitable mixtures thereof, and vegetable oils. 

ifi 10 Proper fluidity can be maintained, .for example, by 

l-^' the use of a coating such as lecithin, by the maintenance 

(ii of the required particle size in the case of dispersion 

and by the use of surfactants. Nonaqueous vehicles such a 
cottonseed oil, sesame oil, olive oil, soybean oil, com 
;g 15 oil, sunflower oil, or peanut oil and esters, such as 

isopropyl myristate, may also be used as solvent systems 
for compound compositions. Additionally, various 
additives which enhance the stability, sterility, and 
isotonicity of the compositions, including antimicrobial 
20 preservatives, antioxidants, chelating agents, and 
buffers, can be added. Prevention of the action of 
microorganisms can be ensured by various antibacterial and 
antifungal agents, for example, parabens, chlorobutanol, 
phenol, sorbic acid, and the like. In many cases, it will 
25 be desirable to include isotonic agents, for example, 
sugars, sodium chloride, and the like. Prolonged 
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absorption of the injectable pharmaceutical form can be 
brought about by the use of agents delaying absorption, 
for example, aluminum monostearate and gelatin. According 
to the present invention, however, any vehicle, diluent, 
or additive used would have to be compatible with the 
compounds , 

Sterile injectable solutions can be prepared by 
incorporating the compounds utilized in practicing the 
present invention in the required amount of the 
appropriate solvent with various of the other ingredients, 
as desired. 

A pharmacological formulation of the present 
invention can be administered to the patient in an 

"i nHlor^i-a'KT ^ -F mt > T ■=» -% -! ^ ^ — _ ^ i- t _ • 

-t — ...**-.^w^w*A v-wAj.»^cij.j.Aj.xiy ttixy ^wuijjciu J-JJXC Wdi'iier, 

such as various vehicle, adjuvants, additives, and 
diluents; or the compounds utilized in the present 
invention can be administered parenterally to the patient 
in the form of slow-release s\ibcutaneous implants or 
targeted delivery systems such as monoclonal antibodies, 
vectored delivery, iontophoretic, polymer matrices, 
liposomes, and microspheres. Examples of delivery systems 
useful in the present invention include: 5,225,182; 
5,169,383; 5,167,616; 4,959,217; 4,925,678; 4,487,603; 
4,486,194; 4,447,233; 4,447,224; 4,439,196; and 4,475,196. 



Many other such implants, delivery systems, and modules 
are well known to those skilled in the art. 

A pharmacological formulation of the compound 
5 utilized in the present invention can be administered 
orally to the patient. Conventional methods such as 
administering the compounds in tablets, suspensions, 
solutions, emulsions, capsules, powders, syrups and the 
like are usable. Known techniques which deliver it orally 
!|5 10 or intravenously and retain the biological activity are 
1^ preferred. 
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In one embodiment, the compoiind of the present 
invention can be administered initially by intravenous 
injection to bring blood levels to a suitable level. The 
patient's levels are then maintained by an oral dosage 
form, although other forms of administration, dependent 
upon the patient's condition and as indicated above, can 
be used. The quantity to be administered will vary for 
the patient being treated and will vary from about 100 
ng/kg of body weight to 100 mg/kg of body weight per day 
and preferably will be from 10 ^ig/kg to 10 mg/kg per day. 



Throughout this application, various publications, 
25 including United States patents, are referenced by author 



20 
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and year and patents by number. Full citations for the 
publications are listed below. The disclosures of these 
piiblications and patents in their entireties are hereby 
incorporated by reference into this application in order 
to more fully describe the state of the art to which this 
invention pertains. 

The invention has been described in an illustrative 
manner, and it is to be understood that the terminology 
which has been used is intended to be in the nature of 
words of description rather than of limitation. 

Obviously, many modifications and variations of the 
present invention are possible in light of the above 
teachings. It is, therefore, to be understood that within 
the scope of the described invention, the invention may be 
practiced otherwise than as specifically described. 
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Brain delivery of therapeutic nntibodies against amyloidogenic diseases. 



Filamentous bacteriophage is capable of evoldng the iraniune system for production of anti^^wgre-ating antibodies 
against ^amyloid formation, and of presenting antibody fragment of their surfece and to dcl.ver it directly to the 
CNS. The inimune response against fte peptide EFRH (anti-a^gregating epitope of pAP) was enhanced by using 
peptide insert in gplll and/or in the major coat protein gpVni, Such antibodies were found tii be effective for in 
vivo treatment of progressive stage of Alzheimer's disease. For treatment of initial stages of AD via olfactory 
pathways, intranasal administration of these antibodies on pliage used as delivety vehicle opens a new method of 
treatment of the disease. 
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Bmin delivery of therapeutic antibodies against amyloidogcnic diseases. 
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•worldwide 
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Filwentous bactdnt^pb^^ axe excellent vehicles for the expression and presentation of foreign peptides in variety 
of biological systems. Injection of filamentous phage induced a stroag itmnuno logical response to the phage 
proteins in all animal tests Furthennorc» using peptide presenting recombinant phage for im:nunization would be 
easier to produce and much less expensive than the conventional method of peptide synthesis and coupling to ai 
carrier protein. 



The present invention showed Uic following advantages: 1, short-time of production of antibodies, 2, constant titer 
for more thfin half-year, 3. intranasal delivery of antibodies directly to brain towards human ^'acctne against 
Alzheimer's disease ot otlier brain related diseases. 
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Possible infectivity with phages. ^ * 

3.3 .D^vjjcw >rita TTunon 



Further research for w v/vo application of the findings. 

Research outlines: 1 . Preparation of anti-aggregating Abs via immunization wim phage carry ng EFRH as antigens 
2. Isolation and engineering of highly specific scFv raised against ETRH epitopes of p-amy loid peptide. 3 . 
Characterization of the interaction between specific scFv and the p-amyloid peptide. 4. Optiir.ization of the delivery 
of the geneUcaUy ea*iiieercd vector to the CNS while minimizing possible toxic side effects via intranasal 
administration. 5. Searching for immune response in the brain of animal model after administration of engineered 
vector carrying specific epitope to the CNS. 6. Humanization of antibodies raised against pA?. 

piwan ,D^nBin ,otp< n^) yst^n a»*(pyi7i >ipy ^npntan n>n:n-rcnn .(o^jjot mmiJi o'-rv) nTiayn n^jDJi tiw ma .3.5 



Further research is required to check the effect of phage infection and their presence in the bU.od ind brt^in of * 
diseaae affected mice pjon^s^o 



. ^ : (end user? >otot pn^in n»n> ^01 nn^pNn va *i3»n "Viion ino 4.1 

The invention enables preparation of human vaccine a^inst AMieimer's disease, as well as for other 
amyloidogenic diseases, based on prevention of sclf-.aggregation of proteins. 



Ail major phaxmaceuticai and medical based companies involved in human health care 
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Br^n-delivery of Theirapeutic Antibodies Against Amyloidogenic Diseases 
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ABSTRACT 



Brain delivery approaches of anti-aggregating antibodies to p:revent and/or 



delivery of anti-aggregating antibodies via the blood brain barjier. In the 

progressive stage of AD, evidence shows alteration in permeability of the BBB^ which 
may lead to du-ect delivery of such antibody from the periphery to the CNS to 
disaggregate alreacfy fonned plaques and mimroiee further toxic- efiects. Due to the 
high antigenicity of the EFRH peptide, which belongs to the immunodominant region 
of PAP, anti-aggregatmg antibodies were obtained after very shcHt immunization time 
(one week) compared to pAP-protein carrier immunization (one year). N!oreover, due 
to the Id^ antigenicity of the phage, administration can be made not only 
intraperitoneally but al^ by intranasal route, which is the easiest way for immunization 
without any use of adjuvant (2) intranasal delivery of anti^aggregating antibody to 
the CNS. In the earlier stage of AD, the BBB may limit the entry of aitibody from 
the periphery to the CNS. As^ the anatomic patterns involved in AD suggest that the 
olfactory pathway may be the icdtial stage in the development of AD, the intranasal 
administration of phage di^Iaying antibodies enable direct delivery to lbs bwi. To 
OXJT knowledge, this is the first atteir^ to use filamentous phages as intranasal delivery 
system of antibodies to the CNS. The success of ttas- attempt wiU c^n new horizons 
for therapeiitic approaches for Alzhdmer's disease, as well as for other 
neurodcgeno-ative diseases invohnng toxic extracellular aggregation of human 
peptides^ 



treat Alzheimer's disease (AD), as well as other brain amyloidogenic dishes, depend 
on the stage of the disease and on the permeability of the blood Wain barrier (BBB) to 
antibody molecules. Two main approaches axe developed in this project for the direct 
delivexy of therapeutic anti-aggregating arriibodics to the brain, as foilovrs: (1) Direct 



08/04/99 WED 06:00 [TX/RX NO 7072] 



4. RUG. 1999 12:Q6 Pfi NQT 97? 3 64298G5 . onsge P. 7 

3 



Background of the invention 

One of the major histopathological hallmarks of Alzheimer's diijease (AD) is 

the abundant presence of amyloid plaques in the brain tissues of affected individuals. It 
has been known- ^ce 1968 that the den^ty of senile plaques &xmd in the post mortenx 
brain shows a significant correlation with the severity of clinical dementia measured in 
life. A central deposit o€ extracellular amyloid fibrils is. surrounded t^y dystrophic 
neurites and by activated microglia and reactive astrocytes (1-4). Am^ioid filament 
formation is a complex kinetic and thermodynamic process (5)- and the reversibility of 
... amyloid plaque growth in vitro suggests a steady-state equilibnum between p-amyloid 
peptide (pAP) in plaques and in- solution (6). The dependence of |iAP polymerization 
III on peptide-peptide interactions to form a p-pleated sheet fibril and the stintulatory 

;p influence of other proteins cm the reac^on suggest that asaytoid fbmi£tion may be 

S| subject to modulation. Recent studies showed that site-directed monodor^ antibodies 

it 

Q (taAbs> towards the IS^termisal region of the B-am>4oid peptide bind to i>reformcd B- 

IJ^ amyloid fibrils, leading to thdr disaggregation and inhibition of their neurotoxic effect 

'S (7). Moreover, such antibodies- were feund to prevent the fomiation cf fibrillar ^ 

0 

amyloid (8,9). 

Brain delivery approaches- of anti^aggregating antibodies to- prtfvent and/or 

treat AD as well as other bi-ain amyloidogcnic diseases depend on the stage of the 

disease and on the penneabilfly of BBB to ai^'body molecules. Two mair. approaches 

arc developed in this project for direct delivery of thiOTpeutic anti- aggregating 

antibodies to the brain^ as-fc^ows: 

1* Pirect delivery of anti-aggregating. ftntibociY vi». hlonrt hrain 
barrier (BBBV obtained bv EFRH-phage immunization 1 

Using phage-peptide library -composed of filamentous phage displairing random 
combinatorial peptides, we defined the EFRH residues located at poatioji 3-6 of the 
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m 



N-tenninal pAP as the epitope of anti-aggregating noAbs within |iAP (10). Antibody 
inhibition assay confirroed that the EFRH residues is the whole epitope of anti- 
aggregatiiigmAhs within pAP. Mabs that do not recogtrize the EFRH or bind weakly 
to it lack the ability to prevent aggregation (11). Wc a5sume that the eaiiope EFRH, 
which is located at the sohiWe tail of the N-tenninal region, is^ involved in the 
aggregation process and acts as a regulatoiy site controlling both the sokMization and 
the disaggregation process of the ^AP molecule. The EFRH epitope is available for 
antibody binding when P-amyloid p^tidc is either in solution or is an e^ggregate and 
locking of this epitope hy mAbs a€^s the dynamics of all the molccul<:Sj ^eventing 
setf-aggregation as well as enabling resolubilization of already formed aggregates. 
Interaction of this epitope with suck specific antibody may interfee with ti pathc^ogical 
effect from airtornmmno response in the CNS, such as inflananaatory events, neuronal 
dyrfiinction and d^eneration^ (12,13). M^eover usmg mAbs against the EFRH can 
be used to abrogate **pathological chaperones" which promote both the f Drmation and 
the neurotoxicritv of Ra filatm «i*Titg Kw r^^i^-i^^** Tvr_*«»,**^««i ^-ro a-o 

However, such small synthetic peptides consisting of antibody epitopes arc in 
general poor antigens and need- to be coupled- to a larger carrier, bi^ even then they 
may induce only a low affiaity immune response. Iigection of pAP-KLH or PA-fibril 
leads^ to very slow immune respcwjsc (14) and many efforts have been made to 
circumvent low affinity response, with limited success. ' A novel idea has been carried 
out using filamentous bacteriophage as a peptide carrier (15). 

Fflamcntoiis bacteriophages are excrflent vehicles for the erqjression and 
presentation of foreign peptides hx a variety of biological systems^(16,17>. Injectipn of 
filamentous phage, which presents foreign peptide, induced a strong immunological 
response in a shcrt time leading to^ high afftnity antibody ffgG). The efficacy of this 
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procedure is directly dependent on the immunogenicity of the peptide. Due to the high 
antigerudty of the EFKH peptide, which belongs to the immunodomiETOt region of 
PAP, high affinity (IgC) anti-aggregating antibodies were obtained afte:' a very short 
muminization time (one week) compared to pAP-protein earner immunization (one 
year). Furthermore, peptides presenting recombinant phage for immunrjzation would 
be easier to produce and mu^ less expense than the conventional method of peptide 
synthesis and coupling to a carrier protein. Since the patholo^cal efiFects of pA fibril 
in AD. patients are maintained only in the CNS, the capability of highly specific mAbs 
^ in preventing pA toxicity in in vivo tests is dependent on the permeabilitj- of the blood 

g brain barrier (BBBy (18,19). In the jn-ogessive stage of AD, evidence shews alteration 

m the penneabihiy of the BBB, ^ch may lead to direct delivery of such antibody 
:^ from the periphery to the CNS to disaggregate ahready formed plaques ;md mmimlze 

fiirther toxic efiects (20). Moreover, due to the higji anfigenidty of tfce phage, the 
= g administrarion can- be given by intranasalr route, wluc^ is the easiest way for 

immunization without any use of adjuvant. Intranasal administration (In.) spears to 
g be a more elective route of mice hmnunizatioa in tenns of timing and reproducibility 

of response (21). The approach is a particulariy convenient and effective route of 
delivery, resulting in induction of high titcOT of spedfic antibo^- with both 
systemically and mucosal secretion. Mucosal immunization is the effective induction 
of specific IgA antibo<Hes in the saliva which can achieve reproducability only by i.n. 
administration. 

The phage vehicle ha& promise as a targetaWe in vivo thcrajyy approach. The 
main limitation may be the infection of the natural intestmal fiora (21-23). However, 
the UV inactivation of phage showed (21) that th^ are as immunogeBic as their 
infective counterparts. 



^2^—^ 08/04/99 WED 06:00 [TX/RX NO 7072) 



4.(hUG.1999 iZ:0e RRMOT S7E 3 6429865 . on396 P.IO 



2. Intranasal delivery of awti'aggregating antibody to the CNS 
More and more evidence shows that olfectory deficits and degenerative 
changes in the central olfectory pathways-are a&cted early in the oli-ninal (bourse of AD 
and become prominent in the patient in the progressive stage of AD. Moreover, the 
anatomic patterns involved ia AD- (24-,25> suggest that the olfactory patlway may be 
the initial stage in the development of AD. Olfectory receptor nairons art! bipolar cells 
that reside in the epithelial lining of the nasai cavity. Their axons traverse the cribrifoim 
plate and project to the first synapse of the ol&ctoiy pathway in the olfactory bulb of 
the brain, being a highway by which viruses or olfeer transported substances HWiy gain 
^cce&& to the CNS. In the earlier stage of AD the BBB may limit the entry of antibody 
&om the periphery to the CNS; the PAP antvaggreg atfi pg antibodies piesfent on the 
phage surfece roay not otily be delivered directly to the CNS ly intranasal 
administration but also prevent ol^ctoiy pmnanent damage by pA m the patients. As 
previously shown, intranasal administration (26-2S) enables the direct entty of viruses 
and rrmcrcamolemies into the CSF or CNS, 

As pAP is produced continuously by cells in peripheral tissues which cross the 
blood brain barrier (BBB) leading to localized toxic effeccs^ in specific neuronal 
populations^ intranasal administration of phage-atxtibody may also prevent the 
progression of the disease by minimi2dBg the amount of periphery PAI* capable to 
form plaques. 

To our knowledge, ^a&is the first attempt to- use ^Qamentous pha£]es- as a drug 
delivery system to the CNS. The success of this attempt wiEL open new boiizons for 
therapeutic approaches for Alzheimer's disease, as well as- for other neurotiegenerative 
diseases involving toxic extracellular aggregation of human peptides. 
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Experimental Design 

^- Raising of specific antibodies a gainst FUamvloid peptide via "FFRTgr 

la order to produce 4e anti-^AP antibody able to modulate p-amyloid 
formation, EFRH peptide v,as inserted onto the filamentous phage surface. The 
expaimeBte were cosducted -v-itb constructed vectors presenting the aanno. acids 
EFRH on minor protein PDI (the first two vectors) and on the major protran pVHI (the 
last vector), as follows: 

1. YYJJKg- the sequence firequemly selected feoia 6-mer pliage p^>tide 
of the phage £l-derived vector fUSE5. 

2. VHEH^F^EAIffiSY- the sequence selected fiom IS-mer phage- 
peptide library of the phage fd-derived vector &i-4. The protein Vm ol- filamentous 
phage is encoded for apprwdmatdy 39O0 copies of the protein esqjosed on the viral 
surface. The f88 vector composed of both wild-type and recombinant p^^ subunits 
(up to 300) encoding for sperafic epitc^ iato gene Vm of filamcHtous phage fd. 

3. EiBH- the scqu«icedi^Iayed on phage fd-derived vector £8-1 Since this 
peptide contain only four amino acids, it is-possible wveqsose recombinant pitttein 
Vin of filamentous phage composed of this epitope on all approximately 3!>00 copies 
of the proton on the viral surface without cBsturbkig the phage mfectivily. 
I-l IminiiTifa gtion procedure 

The geneticaDy engineered phage vectors in doses langing fiom lo" to lO" 
phage per injection were used for nmmiaization of 8- week old female B^iB/c mice. 
The mice were immunized up tn three times, at 14-day intervals, via intniperitoneal 
(ip) injection or intranasal administration (In.). 
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2* Characterizarion of polyclonal antibodies obtained 

2.1 Determination of antibodv tite^ 

After 2 weeks the antibody serum titer of mice was. tested for the production of 
PAP specific antibodies by enzyme linked immunosorbent assay (ELISA) Csee Fig. 1 ). 

2.2 /// vjtFa prevention of B-amvkwi fibril formation 

The anti-aggregating properties of the obtamed polyclonal antibody raised 
against EFRJJ epitopes to prevent P-an^loid fibril feraiation was- measured by the ThT 
bin<&ig assay in '9Phich the fiuorescence intensity reflects the degree of P-amyloid 
fibrillar a^egatictfi. ThT charactcristicalfy stains a^doid-hke deposits and exhibits 
enhanced fluorescence ^ssion of 485 nm and a new cxdlation peak of 435 mn when 
added to the su^eosion of aggregated P^^et prepar^tons. Aqueous solutions of 
PAP were incubated whh the antibodies at 3T*C for 1 week and the Ouorescence 
measured after addition of 1 of ThT (2(aM in SObeM Giycine pH 9) by LSB-50 
Perkin Blmer Ltd., UK, spectrofluorimetegr (29) (see Fjg. 2). 
2.3 Cell culture models, for cytotpxicitv assay s 

Clonal cell lines which express neuronal propcmcs have been estal>lished firsm 
rat central nervous- system tumors and have been- shown to be an acceptaK« model |br 
measuring pA-fibril toxicity. Cdl viability aflcr incubation with PAP-airtibc dy complex 
was assessed by coloiimctrio assay based on the convcFsi» of tetrazG^um salts to 
colored formazan products (^ther MTT or LDH release assays) (7,8), 
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^''-gparation of scFv antibodies from the lih raries ohfain^rf .fi v itpxt 
immmnzatiow - — - 

Phage display libraries A«ere used to isolate single chain Fv (sdrv> that binds 
the PAP. The recombinant phage antibody system (Pharmacia) is desired to clone 
mouse antibody genes and to repress and detect fimmonal antibodies, as foDows: 

The spleen of the immunized mice with EFRH epitope that produce the higher 
spedfic immune response against 3AP was removed. mKNA o.u^on and 
PolyATiact*inRNA isolation procedure was earned out according to tie protocols 
essentially as-dcscribed in Pharmacia Biotech (Uppsala, Sweden) Recofflbiaant Phage 
Antibody System (RPAS). 

B s'iyCT of a BenetkaBy enpi»^«ied v...^,or t» t h e central r,.^r «. 
m In order to detect the abiHty of en^eered vector carrying scFv a,«l/or peptide 

1^ to e«ter the CNS through i^rtranasal- administnition, we used the brain 

immunohistology approach. The mice were exposed to intranasal adminirtration with 
I diferent amounts of phages covering antibodies-. After ai^appropria^e period, the mice 

U were sacrificed and their bi^ investigated. Brain sections were out fi-oi» five areas. 

incfecBng the oMactory neurons and the hippocampus (aa important area being 
damaged in AD) and the presence of phage was detected with (fluorescent) labeled 
antibodies raised against the phage surfecc eng. 3>. The presence of sci?v and their 
localization will be followed using biotinilated PAP 
Transgeni c mice modg^ 

The n«rt task will be to use transgenic mice model, to fimter characterize the 
efficiency of a genetically engineered vector canying antibody/p<q«ide in d ^rupting P- 
amyioid fibril- foimatSon by in. or i.p. immuni2alion or i.n. ddiv«y of engineered 

antibodies. 
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Figure 1: Immuim:ation vpilh filamentous phage displaying EFRH 
epitope of p*amyIoid peptide. (A) Diagram of iniimmicaticiu 
schedule; (B) Serum IgG titer of different bleeds from mice 
iimmmized with EERH-phage against the N-4emiinaI of 
P-amyloid peptide (1-16 amino aci<^. Each bleed is repiodncible 
and was obtained from three different mice. 
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Bsta mAb 1005 
amytoid 

: Interference of antibodies senun raised against peptide EFRH 
vrfth fibrilar p-amyloid formatioii. Estimation of tbe fluorescisncc of ThT 
^ch corrdat^with the amount of fibrilar 3-amyioid foimed after incubation 
for a week at ^rc in presence of senun dilution samples. The control was 
serum from unimnmnized mouse. mAb 10D5 against the epoitope EFRH of 
PAP was used as positive control at molar ratio 40: 1 pAP/ antfljocy The pA 
fibnl foimatjon were measured by using TbT assay as described. 
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Legend 

Figure 3: Detection of filamentous phage in mouse olfactory bulb (A) 
and brain (B) per se phage intranasal admimstra.Son. 
FflamentoTis phage in the brains of 6-month BALB\C mice after 
dose of 10^^ admini^traion (A, C) and after PBS challenge (B, D) 
were detect via flnresent and-phage antibodies. Localization of 
filamentous phage in the olfectory bulb (A) and brain section (C) 
of 6*weeks mouse after 4 daily administration compaire to PBS 
challenge (B and D respectively). The magnification is x40 of 
frozen section. 
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PREVENTION OF PROTEIN AGGREGATION further defined as molecules whose functions are to prevent 

TECHNICAI FTFT n formation of incoircct structures and to disrupt any that 

xv-j^ ritiLU fonii_ chaperoncs non-covalentiy bind to the intciactivc 

The present invention relates to the use of monoclonal surface of the protein. This binding is reversed under dr- 

antibodies. genetically cnginea-ed antibody feagmcnts and ^ c«mstanccs tiiat favor the fonnation of the correct stnicture 

small peptides which mimic antigen binding sites on the folding. Chaperoncs have not been shown to be specie 

antibody for the prevention of i^otein aggregation in vivo one protein but rather act on families of proteins 

and in vitro. which have the same stoichiometxic requirements, Lc spe- 
cific domains are recognized by chi5>crones. This docs not 

BACKGROUND OF THE INVENHON provide the specificity required for thei^)cutic activity. 

When proteins are synthesized they generally must fold .J^i^^"^ l?'^?? cfa^oncs are 

and assemble into a three dimcnsioiL fcTli ^iS^I Q^-C^^m '^^^^ 

InitiaDy, it was thought that proper folding was inherent S 93/13200. 94/08012 and 94/11513 incorporated 

the amino add science. E w^'lTs^^^ ^by^er^nc^^^^^^ 

additional proteins, now referred to as molecular ^^^f* 

chaperoncs, are required to mediate fee folding process or a- P™lis°ed mtemational patent ^pUcation 93/1124S 

onregulated aggregation of fee polypeptides wiU occiff pns fee use of a diapcrone in cell culture to promote 

venting fee fonnation of fimctional proteins (Goloubinaffct ™<=^^^ iHoductkm <^ protein in transformed ccHs by 

aL, 1989; Welch, 1993). Howcva, despite fee existence <rf 20 ^ ^ diaperone mdeaile. This disdosorc 

chaperoncs, aggregation of protein stfll occurs in vivo and *Z^^ I»-ovide specificity as to which proteins arc pro- 

can contribote to, cause, various disease states ^ctcd except throu^ co-cxprcssicm wife fee wanted fffotcin 
;3 Ofeerfectorsmustcontributetofeeoccorrencc'ofaggr^ 

gation. Hiesc fectccs can indude mutations of nahirally iJC u,. • . , 
in occurring ch^>croncs inhfhiting fimctioo or allowine W 25 ^ ^ p^hshcd mtemational patent plication 93/13200 

i^i tion wife low efficiency (Wetzel 1994) Further '"s*:*^ ™c use of a diapcronc in a purificatiott ste^ for a 

* -^pafeoiogicar, diaperoncs havc'bcca found ^ch have ^c?««>inant protein isolated from a ccU cohmc and also a 

T been defined as •'a group of unrelated aotcins that induce . cfaapcrone and recombinant protein. 

] bcta-plcated confOTnation in amyicidogenic polypeptides- fesdosnre also does not provide qKsdficity as to which 
•-J (Wisnicwsfci and Irangione, 1992). It would be us^to be 30 ^"^^ Jffotected except through co-cxpression wife fee 

able to replace oc augment the activity of fee diaocroncs protem nor does it provide information on how to 

" where necessary and to counteract the activity of^^logi- "«^Pao^«f fecn5>«^cally. 

cal diaperones when present . *^ published mtematioaal patent ^:pUcatton 94/08012 

=y Protein aggravation is <rf major impcrtance in biotechncri. ?^sdos« fee use of a diapcrone in cefl culture to fsomote 

Q ogy for fee in vitro production of recomhinant proteins. In ^ f^««TrK3ed g«ic produd in a 

I J vitro aggregation limits the protein stability, soSbility and f!?^ ^ dwdosnre does not provide spcdfidty as to 

yicldsinproductionofiecomhinantprotdns.Ihcensd^ ^fL^'^*^'^ ^""^^^ ^"^^ co-cxprcssion 

i production of recomMnant proteins,^ggrcgatlon is Z . infamation on 

inipedimentofiecomhinantV^^^f^JI^S ^Z^^ diaperooes fecnq^utically. 

indusion bodies in the host cells (DcYoung et al, 1993- ^ pubhshed mtemational patent plication 94/11513 

Wetzd, 1994; Vandenbioccfc ct aL, 1993) ' disdoses fee use <tf a vector containing a molecular t^afh 

Ftathcr, in ^vo protein aggrcgatiooarpredpitation is fee ^JL^S^ "f'S^ <iisdoeurc does not 

cause, or an assodated p^^k^syi^^T^lSd " ^^tF"^"^ ^''^ 

diseases sudi as Down'V^^ ^E^^s S^iS''''^ ^ ^ nor does it 

diabetes and/or cataracts, aJin^disordei^meYo^ ^ ^"""^ Ajpooncs fe«pcuti. 

aL, 1993; Haass and Scftoe, 1993; WetzeLT99^i^ S^i^ «3m<troines whidi involve protdn 

toS^^s^^Sr^^ ^^j^^t^^:^^^^^^ 

Kastin. 1992; Haass and SeflcDc. 1993^ At least ftfWn 

Vivo .HlS^of amyl^^S^^Sf ^ ^^if^'^ "^'J^ ^^-^^^ 

zinc, dironuumwalmniniim can partids^ °i goamdlne-deiiatnred S^»rotein was reported 

gallon CBnshetaL. 19941 ^ » «^««y (Cadson uid Yatmndi, 1992)l PteWoos^^ 

vfM^ 1 1. . . . ^ ■ Goldberg (1987) used mmiodonal antibodies as a tool 

o.^^l^^^^^r^"'^^'^"'^^ " ina»i«fcntificationandcbaiacted2.tiono^^^iS 
pMdM jpodnced m cdb leqamng lepafc In particuha; involve the appearance of local naUve-Hte^StiB! 

^d^f heat shock on enzymes led the way to Ihe snbonit of ^^^ansyntfaase. Since ST^TT^SS 

^r^^Mr^K^^Tw"^ ^"^^ °« « spedflc, *e uVrf^ provide, mnre^^i^i^^ 

fS ^Th^JI^T^^ chaperoncs. aAbTS; be songht^S^eSS 

1993:Goloubino*fetTlMMr^^^ proten <rf interest that is involved in the fading process. 

— - — — . _ — <^ The main difference between mAbg and Tnftlff f.ii«n- rh<»v . 

"««?^fi°nfly of proteins 65 erones is that the latter does not hind to native proteins^ 
T ^^.^ JT^^^?^ ^^"^ ''"°^y 5* ^P""!* intencting with many diff=«itV6^«^ 

_o.hernnrelatedpn,temsinlDohgomaicstmctures.Theyarc chains without crfuhdS^ an q>pan»t sc^J^^ 
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(Golouhinof ct aL. 1989). Moreover, chapcrones suppress FIG. 2 is a bar graph of the time course of dcoamratioii of 

aggregation but do not rcdissolvc aggregate already present, Carboxypcptidasc A after exposxire at 50* C: the residaal 

Similar behavior was recently reported for a-crystalin esterase (single cross-hatch bars) and peptidase (open bars) 

which, similar to other chapcrones, docs not react with cnzymic activity of CPA was measured at two intervals of 

active proteins, but forms a stabk complex with denaturing 5 incubation at 50"* C; the amount of residual soluble enzyme 

or partially unfolded proteins, stabilizing against further was dcterrained by sandwich ELIAS (bars of diagonal 

aggregation (Rao ct at. 1994), ' lines); 

Aggregated amyloid ^-protein (PA4) is a major constitu- FIG. 3 is a bar gra^ of the cnzymic activity of Carbox- 

cnt of the abnormal cxuacellular amyloid plaque ttiat char- ypeptidase A retained after c^kisutc to 50° C for one hour 

acteiizes the brains of victims of Alzheimer's disease (AD) in the presence of monoclonal antibody CP^o', immnno- 

(Haass and Selkoe. 1993). In vitro smdies have shown that compiexation of CPA with increasing amounts of CTjo was 

some of the metal ions found in bicdogical systems. Lc. Fe. pcrfonncd before exposure al 50* C for one houn the 

Al and Zn, can accelerate die aggregation process dramati- residual peptidase (c^n bars) and esterase (single cross- 

cally. The presence of "pathologicaJ'' chapcrones hatch bars) cnzymic activity of CPA was measorcd; 

(Wisniewski and Erangione, 1992) and the above listed ^ FIG. 4 is a bar graph of the effect of qntcpe location on 

m'^^ls (Mantyh ct al„ 1993; Fraser et aU 1S>93) as proposed the maintenance of the enzymic activity of beat-exposed 

risk factors in Alzheimer's disease, favcff p-amyloid casca<le Cazboxypeptidase A; increasing amounts of xnonodonal 

aggregation. If the interaction between the metal ion and the antibodies CPio (single cross4iatcb bars) and CP9 (diagonal 

^amyloid can be intcirupted or prevented, &cn metal- lines) and anrdated Ig^ (bars with diagonal fines) were 

induced aggregation can be reduced or diminated. However, 20 added to CPA before exposure to 50* C f<x one hour and 

^ just binding a jnAb at this site might prevent the metal- esterase enzymic activity was measured; 

''£j induced aggregation but would not allow normal functioning jtjq, 5 is a bar graph of the prevention of aggregation a£ 

Q of the protein. Caiboxypeptidase A by monoclonal antibody CPio; aggrc- 

!= It would therefore be useful to develop the s^vprc^xiate gation of CPA. in the presence (bars with ri^ slanting 

!' n mAb with cfaapcronc-Hke charactedstics directed to the ^ diagonal lines) and in the absence (single cioss-hat«di bars) 

}3 1 appropriate epitope on the p-amylcid molecule in order to of antibodies, was followed by detennination cf amount 

■ ^ prevent the accelerated meUd-induCed aggregation. mAb bound to coated CPA in a competitive FIISA; the 

''^ Further, it would be particularly useful to be able to absoibance at 495 nm obtained in the ^cnce d added 

1- develop a mAb as needed that prevents the aggregation of „ soluble CPA was set at 100% for bound antibody; the soluble 

*-J enzymes in vivo but that still aUows the enzymes to func- CPA, bcfwe heat exposure, competes with the coated CPA 

for antibody binding, leading to decrease in amount of 

" „ - ^ . ^ , n.1 * • 1 * antibody bound (60%) (bars with left slanting diagcmal 

13 Still fnrthec U is not always possible to isolate the *^ / \ © » 

*S apraopiiate chapcronc for tarvcnting aggregation of a mol- h*»cs), , . . . , ^. * 

ccule and to utilize it as a therapeutic The avail^ty of 35 FIG. 6 is a bar graph showmg thermal aggregation of 

0 engineering and selecting mAbs and delivery systems for Caiboxypcp^e A^d its^^ippf«aon^ by^nwn^ 

1 il mAb mttb-t^ jt useful to develop specinc mAb to serve as antibodies CPto CP9; £ggr^st:cn ^ ^x^^^,^— ase 

' '^ thcrffl)eutic chffl)erDnes. A after ensure at SO'* C f<» one hour m the absence (c^wn 

•ks bars) of moikoclonal antibodies and in the presence cf CP^q 

i 0 SUMMARY OF TBE INVENTION AND ^ (bars with diagonal lines) and CP9 (double cross-hatch) was 

ADVANTAGES followed by detennination of amount of antibody bound by 

sandwidi ELJSA; -ma-rimutn binding (100%) was consid- 

According to the present invention, a method is provided crcd the amount of antibody bound to CPA before ca^josure 

of selecting anti-aggregation molecule such as a monoclonal aggregation craditions; 

antibody, a gcnrtic^ engttc^^ FIGS. 7A and 7B arc a pair of gr^hs (A and B) showing 

pqjttdc which mimics the bmdmg site of an antibody. These « aggregation of e^amylodd (1-40) in the absence (diagonal 

anti-aggregation molecules are able to bind to a natove target ]^ b^s) and £ac prcs«ice (open bars) of monodonal 

molecule e^tope^ with a high binding constant and must be antibodies AMY-33 (A) and 6F/3D (B) followed by FT .ISA; 

non-inhiMtary to Wolo^cal activity of the target molecule. ^ f^^yl<Hd alone, (2) p-amyloid+'50 MM heparan suJfste, 

TTie present invention further provides a inctlwd of treat- ^ (3) p..am[^oid+l(>-3M AK!,; (4) ^-amyloid+lOr^ ZnCL,; 

ing a protein aggregation disease by creating an expression ana 

vector comprising nudcic add indnding a sequence whidi ^j^^ g sdiematic diagram of p-amjioid (1-40) 

encodes in eaqxrcssible form the hmnan form <rf tiie anti- ^ith hoiizoiital lines icjwesenting the regions against whidi 

aggregation molecule ttiat binds to a native target m<deculc monoclonal antibodies were produced, v«tical lines and 

an aggregating protein, and which prevents aggregation and shaded rectangular aicas repres<mt the heparan suKate hind- 

anows biological activity of the target mcdecule. ^ (residues 12-17. dadc shaded), the jffoposed tnodc 

BRIEF DESCRIPnON OF^E DRAWINGS ^'^t^^i^^'^'^'^'^ 

iSfaeace to the foQowing detailed description when con- PREFERRED EMBODIMENT 

sidered in connection widi the accompanying drawings fixe present invention provides a method of selecting 

wherein: monoclonal antibodies* gen^cally engineered antibody 

FIG. 1 is a bar grx^h of the t enip eramre-dcpendence of fragments aaid sznall pcpUdcs which mimic binding sites of 

cnzymic activity of Carboxypeptidasc A: the residual cnzy- 65 the antibodies and which prevent aggregation and yd do not 

mic activity of CPA after one hour incubation at increasing inhibit Woactivity. These anti-aggr^ation molecules with 

temperatures was measured using esterase substrate: ch^>crone-like activity arc able to bind to a native target 
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Zl^^,,^™^^^ 1"*^.^ ^°''^*"°**'^^^^ Once ail appropriate monoclonal antibody with 

^r^l °^ '"S" chaperonclik-c a^'ty is found or engine,^Ta pept^J^ 

^l^f ^■'^'^^ an appropriate host with the appnjpriate configuration. tS^t^ to^atio^ 

occaning molecule can be isolated^ purchased. ,o ^ T " anti-aggregation 

even in the presence of. and bound to, the nresmimtive t- 4*. ^ . ^ ^ 

anti-aggn^ation molecalc presun^Hivc in fe^ prefcircd cmbo<finient the hnman monocional aii:!- 

^ aggregated proteins. Hie mcnt the monodonal antibody is an antiS^S^ri^ndfa 

3S^nS^"". '""T' a»ti-aggregation ^ dedgnated AMY-33 which leLgn^^Sl-^^ 

molecules under pfaysiologual ctnditioiis. It is then deter- B-aniyloid. -~b-.^ umuio aaas i za or 

mined if the mixture produces ndnaesresated tarcet mni- ^ - 

eculesa«tarebioactiveevenin.hepS»of.^b^ har^oin^T" '^'^ « <1^> 

i=* to. the presun5)tive anti-aggregation mdecnlc ^ ***™ monodonal aitt3>odies are 
•4 The antibodies, or peptide mijniciw Wndine st^ " ^aait for mtracennlar egression in eataiyocic ceils. Tie 

must bind to an qato^C^e^^^H^ tl Zw^^h^^f?^^'*"*' " °«»P<««1 «f » inmm- 

=, region responsiT>Ieforf^ or ^^^aSLfte ""flobuhn heavy dam leader sequence and heavy and Kgte 

^ anti-aggnSation moleoZfa srf^^™.^^^T chain vanaMeregions that are janed bv an int«rf.»<,. h-v^t 

- iroximitytothetarget^^s^^^^aSe^diU^^ 35 "-^t-cto the cclb and mnction when expt^se^^ 

en^loyed in the Woactiviqr tests; (hat is, molecules whidi «. f^S-^"".^ cqnession vectots is wdl known to 

are found in the cdl near flie target m«A!cule or molecules • ^ » prefared endxxSment, the 

_ wifli sequences similar to the target molecules. expression vector is constmcled using flie methodology as 

^ After the identification of the anti-aggregation molecules '^^^-X^T ^ VP&=tSon 

has been completed, it is possible to «^2n^<n^W ^^^.i^" »? <^<*ly «t *»* are performed as 

prevent or reverse aggreg^n. THey^bT^^^ 8="^ set forth mSamhr«*etaUMolec^a^ 

lentlytoinoeasetheirc^ne-iateeffeerif^^. ^f^'^^^Man.ji Cold Springs 

tive target epitopes are noTovctlapping andifc in teSS ^ , 2- ^ ^ ftotocob i. 

the jrgfx mole^ they do not S^J^^^^*^ n ^^'^^^ BaMmore. Md. 

Bioactivity is tested as is qiprqfaiate for the taicet mol- c ^ 

ecule.Rjrotaiiq>le.cnzymadcactivitv of the target mot are krown or can be construct 

ecnle for its substnUB can be measured. Assays which ™ o»tam aD C]5«resaion etanents 

measure in vitro enzymatic bioactivity are wdl known to "«=cssaiy to achieve the desired transcrqptioB of the 

bose skilled in the ait sequences. Other beneficial dunactmstics can also be wa- 
in the ptefcned embodhnent of the mcfliod. the target * ^?^'^*^7«=?"™'*«»I>^edlanismsfbrxecov^ 

mol«ule is p-amyWd and the monodJ^^^^^ ^°^l!^Jil.^2^ '^^'^ * 

anli-P-amyloid monodonaL Alternatively. a^enSiaiS S^^SZ . T^^°*'''S?".'**^*^*« 

engineered antibo-fyfiagment as desoibedheieinhd^^ be used either as plasmids <» as bactoioiAage vectors. 

beusedorasman^^dtmSie^^l^dS^ „ ^^i^J^jT 7"?°" " 

site of the antibody. The antigen Mnding site rf^a^^ " ''""^'T?™!'' retroviiuses. DNA 

tidaseAassafOTthinthcExan^lcsheranbdow. 60 coiiq>atiblc with a paiticalar vcctan 'ysxcnis are 

an N-TVr (Banks Ld Kastin.1^ somatosta- the toileted molecule the cspression vector is selected that 

' ^ "'^^ IS known to target the central nervoos system. 
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In the present invention, the expression vector for use as of infection. In the fonner case, the genome of the virus is 

a therapeutic agent comprises a nucleic acid including at modified so that it mainuins ail the necessary genes, rcgu- 

Icasi one sequence which encodes in expressible fonn an latoiy sequences and packaging signals to synthesize new 

an ti -aggregation molecule, which molecule binds to an viral proteins and RNA. Once these molecules are 

aggregating protein that is the cause of a disease and which 5 synthesized, the host cell packages the RNA into new vital 

prevents aggregation but does not interfere with bio activity. particles which arc capable of undergoing fimbex rounds of 

In a preferred embodiment the expression vector includes infection. Hie vector* s genome is also engineered to encode 

the sequence for a human monodonal antibody tiiat is an and express the desired recombinant gene. In the case of 

anti-P-amyloid monodonal antibody with hcparan-lLkc non-infectious viral vectors, the vector genome is usually 

characteristics. In a further preferred embodiment the mutated to destroy the viral packaging si^ial that is rcqtxiFed 

expression vector indudes the sequence for the single ciiain to encapsulate the RNA into viral particles . Wthout such a 

monodonal antibody of the above aDti-|^amyloid mAb. signal, any particles that are fanned will not contain a 

A specific exaixq>le of DNA vital vector for introducing genome and therefore cannot proceed through subsequent 

and expressing recomlnnant sequences is the adenovirus rounds of infection. The specific type of vector will depend 

derived vector Adcnop53TK- Hiis vcctoa- expresses a herpes xipoo the intended applicatioii. The actual vectors are also 

virus thymidine kinase (TK) gene far cither positive ot ^ known and readily available within the art or can be coo- 

negativc selection and an expression cassette for desired structed by one skilled in the art using wefl-known metti- 

rccomhinant sequences. This vector can be used to infect cxioloey 

cells tiiat have an adenovirus receptor. This vector as well as ^ rt,^ tK^ 

othHs that exhibit similar desirtS^ functions can be used to ^ expression v^or contammg &c sequence for fee 

treat a mixed population of cells and can include, for 20 anD-aggregation inoi.cuie may be admuustered to 

exan5>le. an in ^itJo or ex vivo culture of cells, a tissue or manmiak. mdudmg humans, by any route q^^^^ 

a hua^ian subject. condrtion being treated and in ccycral ways. Suitable routes 

Additional features can be added to the vectoor to ensure "^^^ topical, vaginal and parenteiaL B 

its safety and/or enhance its ther^cutic efficacy. Such win be appreciated that the preforcd route may vary with, 

features indudc, for exang)lc markers tiiat can be used to 25 ^ °^ «=^ampic. Ac condition cf tiie rec^ncnt and the type of 

negatively select against cells infected with the recombinant treatment envisaged. 

virus such as ant3>iotic sensitivity- Negative selection is If vital vectors are used, for exanq>le, fee procedure can 

feerefoie a means by which infection can be controlled take advantage of their target spedfidty and consequently^ 

because it provides inducible suicide through fee addition of do not have to be administered locally at fee diseased site, 

antibiocic Such protection ensures that if, for exan^c, ^ However, local administration can provide a qai(dxr and 

mutations arise feat produce altered forms of fee vital vector more effective treatment, admimstration can also be per* 

cr recombinant sequence, cellular transformation will not formed by, for example, iniravenoas cr subcutaneous injec- 

occur. Features feat limit expression to particular cell types tion into fee subject Injection of fee viral vectocrs into a 

can also be included. Such features indude. for exan^e. spinal fluid can also be used as a mode of administiatiott« 

pnimoter and regulatory dements feat are specific fcr fee 3 ^ especially in the case of neuro-4egencrative diseases. Fol- 

13 desired ccU type. lowing iiQection. fee viral vectors will circulate until they 

vivo expression of a desired nudeic add because feey offer for infection. Alternatively, the mefeod as set forfe by 

% advantages such as lateral infection and targeting spedfidty. Tuomanen ct aL (1993) can be used. 

Lateral infection is inherent in the life cyde of. for exan^e, 40 The vectc^ can be introduced into cells or tissues by any 

retrovirus and is fee process by >xfeidi a angle infected cell one of a variety of known mefeods wifein the art. Such 

produces many progeny virions that bud off and infect methods can be found described in Samfarook ct aL and 

neigbborxng cells. The result is that a large area becomes Ausubel et aL, and indudc, for example, stable or transient 

rapidly infected, most of which was not iiritially infected by transfection. lq>ofiectioa, electroporation and infection wife 

fee original vital partides. This is in contrast to vertical-type 45 recombiiumt viral vectors. Introduction of nudeic adds by 

of isfectioa in which the infections agent spreads only infection offers several advantages over fee other listed 

through daiightw progeny. Viral vectors can also be pro- methods. Higher cffidency can be obtained due to feeir 

duced feat are unable to spread laterally. This characteristic infectious nature. Moreovcz, viruses are very qtecialized and 

can be useful if fee desired purpose is to introduce a typically infect and propagate in specific cdl types. Thus. 

%)ecified geoe into only a localized number of targeted cells. 50 feeir natural spedfidty can be used to target the veccors to 

As desoibed above, viruses are very specialized infec- specific c«fl types in vivo cr within a tissue or mixed culture 

tious 2^nt8 feat ha:ve evolved, in many cases, to dude host of ceUs. ^%al vectors can also be modffird wife specific 

defeiisemcdiaiiisms. Topically, virtises infect and propagate reoqjtors or ligands to aher tai^ q>ecifi£xty feroogh lecep- 

in specific ccB types. The targeting ^wdficity of vital tor mrdiatrd events. 

vectors utflizes its natural spedfidty to specifically target S5 An alternate mode of admiinstcation of the vector can be 

predeteimined ceU types and feercby introduce a recombi- by direct inoculation locally at fee site of fee disease or 

nant gene into fee infected celL The vector to be used in the pafeologLcal condition or by inoculation into fee vascular 

methods of the invention will depend on desired ceU type to system stipplying fee site wife zmtrients. Local administra- 

be targeted and will be known to feose skilled in fee art. For tion is advantageous because there is no dilution effect and, 

estan^e, if breast cancer is to be treated feen a vector 60 feeref ere. a sixialler dose is required to adneve expression in 
specific for such epifeelial cells would be used. likewise, if a majority of fee targeted ceUs. Additionally, local inocula- 

diseases or pafeological conditions of fee hematopoietic tion can alleviate the targeting requirement xequircd wife 

system are to be treated, feen a vital vectca' tliat is specific othexfcnns of admimstcation since a vectcv can be used that 

for blood cells and feeir precorsors, preferably for fee infects all cells in the inoculated area^if eaqaession is 

specific type of hematopoietic cdL would be used. 45 desired in only a spedfic'Wbset rf <^Tg within the inocu- 

Retroviral vectors can be constructed to function cifeer as lated area, feen p r om oter and xegulatoiy elements tliat are 
infectious particles ox to undergo only a single initial round specific forfee desired subset can be used to accoox^lish this 
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ve«o«"tr^r'L'^™°'°^ ^ S^^" moleaUe. The present invention uses geneti- 

^^S,^7.'J^^„^h-^°''- P*^=™<*^ the like. cally cngineocd antibodies obtained from, sudi sd«^ 

Transfcction vehicles such as liposomes can also be uvLti r« . ^ . . aciccica 

introduce the non-viral vector. dcs^lJ^^oVe into S T^'^^ho Th^I!^'' -^^ h> v.vo aggregation of 
ent ecus within the inoailated area. Such t^sfS ^ ^^^^g ^<> P^«<=t>on of a soluble and sm^^ 

vehicles are known by one skiUed within the art. procem. 

The expression vector of the present invention may be . aggregation is of major impc»tance that extends 

adxnimstered to the patient alone or in combination with medianiszns of human diseases and fundamental 

liposomes or other delivery molecules. The expression vcc- ^pecta of protean folding, expression and function. Data in 
tor is administered and dosed in accordance with good lito^^c (De Young et al, 1993; WctzcL 1994; Wetzel, 
medical practice, taldng into account the clinical condition ^° ^^^^ suggests that aggregation is non-specific in tiie sense 
of the individual patient, the site and method of addition of other fffotcins can mfluence the extent of 

administration, scheduling of admintstratioa. and otha* fee- aggregation of a certain protein. However the spcdfidiy can 
tora known to medical practitioners. The **cffective amount ^ related to a particular residue grwq) of lesiAies whidi 
for purposes herein is thus detennined by sndi consider- ^ special role in the folding-related aggn^ation of a 

ations as are known in the art The amount must be effective polypqjtidc (Silea and Agard, 1989; 2hu et aL 1989; TOntcr 
to achieve in the treated patients a reduction in frotcio 1994; Brcms 1988). ITie identification of such classes 

aggregation and may also indudc but is not limited to o^^cq^Jiccs fiiat play a role in the folding-nnftdding and/or 
inqjToved survival rate, more rsfnd recovery, or In^woveT^ solubiEzation-aggregation provides the basis of the present 
meat or elimination of symptoms and arc selected as ^ipro-^ invention for the prevention of aggregation, 
priate measures by those skilled in the art ^ StaMization procedures based on jErotein-protein recog- 

WMlc it is possible for the expression vector to be nitioa^processcs, fundamental to biology, have been pievi- 
administered alone, it is fwcfcrable to present it as a phar- ^°^y investigated (Cbothia and Janin, 1975; Jacmcke, 
maceutical formulation. The fommlations of the {resent 1991). Introduction of moleoilar chaperones which enable 
iovention conqnise at least one active ingredient: the mono- 25 ^°}^^ stahilizadon of unrelated proteins ^jpears to be 
dooal antibody or e3q>ressioii vector togctha with <mic <■: tailored to prevent misfolding and aggregation at an caity 
more pharmaceodcally acceptably earners and oj^onally during folding. However, the central problem remain- 

other ther^>eotic ingrolients. The canier(s) must be accqjt- ing in in vivo folding is how to efficiently prevent aggre- 
able in the sense of being CMiqjatible with Ac other in^o- gation without blocking the farward pattiway of coaxect 
dients of tiie formulation and not ddetetious to the recqsi- 30 foi<^ing and biological activity of the native state (EDis et aL 
cuts. The earners must also be selected so as not to intofete ^^^U Gething and Sambrocji; 1992; Hendtick and HartL 
with the activity of the active ingredienL 1993). 

The availafeiUty of monodonal antibodies which Wnd to The availability of monoclonal antibodies (mAbs) led to 

a specific antigen at distinct and wcUdcEfined sites has led to ^ understanding of the effect of higjily specific 

a better understanding of the effects of highly specific 35 antigen-antibody interactions on the antigen or target moi- 
eazymc-antibody interactions on the enzyme behavior. By ^« bchavian The complemeMary confoanation between 
appropriate selection it has been possible to isolate those interacting regions of the antibody with its antigea 

antibodies that are non-inhihitary to biological activity of confers the high specificity and stability to the immnnocom- 
the enzyme and bind at **strategic locations" on the antigen fonned (Goldberg, 1991). ftcpcriy selected mooo- 

molecule, resulting in a considerable stabilization effect of 40 ^^'^ antibodies, unlike die ubiqaitoas nature of the 
the enzyme confotmation* Moreover, such monoclonal ch^)croncs, bind to a specific antigen at a distinct and 
antibodies, when properly selected, prove to have a presdected antigenic site wittiout intofcting in the bitrfogi- 
cfaaperone-Kte activity leading to a ccmsidCTable xcfokKng ^ activity of the antigen and assist in antigen lefolding 
rfFect on the enzyme which was already paitially heat (Blond and Goldberg, 1987; Carslon and YanntKh, 1992; 
denatured. In addition, the use of engineered monockaal 45 Solomon and Schwartz, 1995). 

antilxxMes and tiieir fiagmcnts, as well as pc5>tides whidi The present invention utilized the effect of immnnocom- 

mimic die bmding site fta- the antigen on the antibody can be pleatatiou in the $(q)pressi<m of antigen aggregation using as 
^J^^*^^*^^ * model system the interaction of CarboxypcptidascAC^^ 

Carboxypcpadase A shows a decrease in solubility with «»d ^ monoclonal antibodies. CPA. occtqacs a pramncnt 
anmCTcaseintcii5)crature.accoii5)amedbylossof cnzyi^ 50 position in fiic literature of mctaUoenzymes, being a weJl- 
«:tivity and confonnational changes leading to its aggrega- characterized zinc cxopq)tidasc that exhibits both pcpdda^ 
tion. In the present study, the suppression of enzyme aggro- "wi esterase activity (Vallcc and Galdes. 1984). A large 
gation via its interaction with two monoclonal antibodies number mAbs were pn^sared by die ajiJlication towards 
laiscd against native protein was investigated EUSAmca- native enzymes (Sok«non et aL 1984) and their properties 
snremcnts and detcrmmationofrcsidualenzymic activity, as 35 woe widdy investigated. Some of these antibodies bind to 
a probe trf the native structure, were used to monitor the tfae enzyme with a relatively high binding ccastant remote 
protein aggregation process. TTie studied mooodonal anti- tram its active site and assist in refolding of already heat 
bodies arc non-iuhibitory to the biological activity of the denatured enzyme (Solomon and Schwartz. 1995). ELI5A 
antigen or target molecufc, hind on the strategic position <m measurements and detennination of residual cnzymic activ- 
ttic molecule and proved to have a ch^>crone-likc activity in 60 i*y as a probe of native struchire are used to mOTitor the 
the prevention of protein aggrcgatira. The antibodies effect effect of two different mAbs, namely CP^^ and CP^ on die 
cm the inhibition of aggregation was found to be related to inhibition of CPA aggregaticm. 

^c location of the antigenic site of cadi antibody. Based on The above discussion provides a factual basis for die use 
feeo^c^ental data, thc^E^^ ofmonoclonal a ntibodies and g en<^can y engineqcd anti- 

^ * convenient method for 65 body fragments as dier^>«itics f ^^S^^ff^^i^fi^^^ 

m^r?L^ ^S^SSS"^ and stahflization of the target aggregation. Tlie mefeods used wife ^d die utility^fSe 
molecules without affectmg die biological properties of the present invention can be shown by die fonowing^mplcs. 
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EXAMPLES 

METHODS AND REAGENTS 

Carboxypcptidasc A (CPA) 

CPA was obtained as an aqueous crystalline suspension 
(Sigma Chemical Co.. St- Louis. Mo.). The crystals wexe 
washed with double -distilled water, ccatrifugcd. and dis- 
solved in 0-05M Tiis-Ha/0.5M NaQ buffer, pH 7.5. 
Insoluble material was removed by centrifugation- Tbe 
enzyme concentration was derived from the absorbance at 
278 nm. 

Detenniiiation of CPA Enzymatic Actxvity 

The enzymatic activities of CPA and its immuDOccm- 
plcxcs were detenmncd spectrojAotomctricany at 254 mn 
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using either 1 mM h^>piiryl-L-pbenyla3aninc as peptidase 15 Solomon and Balas. 1991). 



Altcrnativdy. commercially available antibodies can be 
used. a-Human p-amyloid 6F/3D was obtained from 
ACCURATE Chemical and Scientific Corp. (Westbury, 
N.Y.. USA). mAb AMY 33 was purchased from ZYMED 
San Francisco. Calif„ USA- A polyclonal. afBnity purified 
rabbit IgG obtained against the synthetic Alzheimer 
p-amyloid (Cat. No. 1381431) was purchased from 
Boehringcr-Maanheim, GmbH. Germany. 
Purification and characteiization of anti-CRA mAbs 

The monoclonal antibodies. CP-10. CP-9, which interact 
with CPA at high binding constants, were sheeted for further 
study. The p'cparatioii and characterization of the mono- 
clonal antibodies CP^o aad CP9 (chosen for &e {resent 
study) were previously described (Solomon ct aL, 1989; 



substrate or hippuryl-DL-^henyllactic acid as esterase 
substrate in 0-5M NaCl/0.05M Tris-HL pH 7.5, (Solomon et 
aL, 1989). 

Amyloid — 

Amyloid peptides, A^ 1-40 (CaL No, A-5813) and Ap 20 
1-2S (Cat Nol A-1084) cooresponding to amino acids 1-40 
and 1-28 of Ap respectively, were purchased from Sigma 
Chemical Co., St Louis. Ma, USA). 

Amyloid solutions were prepared by dissolving the p^ 
tides in water at concentration of 10 Tng^l. The stock 25 
solution was stored in aliq[uotes at -20** C 

Aggregating agents 

Heparan sulfate (Cat No. H 5393) was purchased from 
.Sigma Chemical Co., St Louis, Mo., USA). Stock solutions 



These antibodies were isolated and purified by affinity 
chromatography on proteiD AScpharosc from tbt corre- 
sponding ascites fluids according to Hariow and Lane. 
Protocol for Dctennimng Effect of Monoclonal Antibody 
Binding on CPA Activity 

CPA (1 mgteil) was incubated at 50° C in the absence and 
in the presence of increasing amounts of mAbs CP 10 and 
CP9 (100 Ml in PBS) ranged between 0-2 molar ratio 
antibody/CPA The cnzymic activities of the immunocom- 
plcxcs formed were measured as described herein above. 
Data related in percentage, 100% being considered the 
enzymic activity of CPA before denatuFation. 
EOSA Tests 

The antigen-coating solutions (100 |il containing native 



of metal diloodcs were made B?) from dry salts at conccn- 30 CPA (10-25 Ml ml) ii^P^.pH 7 A were inaibatcd overnight 

tration of 1 mM in TRIS pH 7.4. at 4'* C in a polystyrene ELESA plate (Costar, Camhddge, 

Monoclonal Antibody ftodaction Mass.). Diluted ascites fluid (0,1 mO containing the desired 

In general, monoclonal antibodies may be pr^ared uiAb (1:2000 to 1:18,000 v/v in PBS) was added and 

against a synthetic peptide based on the sequence, or pre- incabated at 37** C for 1 houc The amount of bound mAJ> 

pared jccombiiiantiy by doning tcchniqoes or the natural 33 was drtrrmfned with p-galactosidase-linlEcd FCab), frag- 



gene txoduct and^or portions thereof may be isolated and 
used as the immunogen. Such |Koteins or peptides can be 
used to produce inonodicxials by standard production tech- 
Dology well known to those skilled in the art as further 
described generally in Harlow and Lane, Antibodies: A 40 
Laboratory MannaL Cold Spring Harbor Laboratory. Cold 
SjJring Harbor, N.Y., 1988 and Milstcin (1980). Briefly, 
mouse monodoDal antibodies were prepared by hypcrim- 
mnnizatioa of an appropdnte donor w^ the protein or 



ments of sheep anti^nouse IgG (Amexsham IntemadonaL 
UK). 

The quantitation of flie amount of ^gregated CPA doting 
denaturati<m at 50** C was detecnined by conq^etitive and 
sandwidi ELBA, as follows: 
Conq)etitxve EU5A Assays 

CPA (10 (il/ml of FBS) was adsorbed onto £US A plates 
ovenn^ at 4** C die rcnudiung active groups on the plate 
being bJoclad with iK)n-faiimIk.Ta the soluble 0*A (200 ng 



peptide fragmfimt, generally a mouse, and isolation of splenic 45 in 10 pi PBS), incabated for one hour at 50* the mAb 

antibody jroducing cells. These cdls are fused to a cdl CPw (nwlar rado 1:1 Ab/CPA) was added and allowed to 

having immostaHty, sudi as a myeloma cell* to provide a interact with the remaimng sobible CPAfbr one hour at 37' 

fused cell hybrid whidi has immortaiity and secretes the C In parallel, the mAb was added to CPA sobidons 

required antibody. TTic cells are ftcn cultured, in bulk, and befoTB oqposurc at 50" C to (Mie boun After inoAadan, the 

lire inonodonal antibodies harvested from the cotture media 50 CPA prcjwr^ns were removed by ccntdftigatian at 15,000 

for use, xmpfrv 15 minutes and qiplied on the EUSA plates coated 

The harvested mtHiodonal antibo^ can be bound to a with CPA. The antibody which did not bind to sohifaie CPA 

soUd support substrate cr conjugated with a detectable in the reaction mixture will land to the coated CE^; the 

moiety or be both bound and conjugated as is widl known in amount <rf antibody bound to the coated antigen will be 

fee ait. For a general discussion of ooirjagation of fluorcs- 35 convcody proportional to the extent of CE\ ag^cgation 

cent or enzymatic moieties see J<Anstonc&Tbo(pe,Imma- and determined usmg cunoase antibodies labded with 

nochemistry in Pracdce, BladcweU Scientific PuhHcations, horseradish peroxidase (HRF). The color developed by HRP 

Oxford. 1982. The htTirfing cf antibodies to a solid support (O-^dien^nediamine (OPD) as substrate) was measured at 

substrate is also wcU knosvn m the ait (sec f ot a general 00453 using an ELESA plate readet The amount of antibody 

discussion Hariow & Lane Antibodies: A Laboratory 60 bound on the coated CPA in the absence of soluble CPA was 

Manual, Cold Spaing Haibor Laboratoffy Publications. New considered as 100%. 

York, 1988) The detectable moieties contemplated with the Sandwich EUSA 

{Hesent invention can include, but are not limited to. The ELBA jriates were coated witii raWat polydonnl 

flucresccnL metallic enzymatic and radioactive markers ant&odies ms^ CPA(1 td/wcfl) by incubation at 

"such as biotin, gold, fofitinr alteUinc^Kosphatase, 6S 37" C fffl" two hours. The residnal active groups were 

^galactosidasc, peroxidase, urease, flncgescein. rhodamine. blocked by non-fat milk. SohiWc CPA (200 ng in 10 id PBS) 

tritium. ^*C and iodination. was c3q>09ed to 50* C f or one hoar and the aggc^ated CPA 
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was removed by cencrifiigation at 15.000 g for 15 minutes. initiated, thereby stahilizing the protein and supprcssinE 
TTie residual soluble CPA was incubated for another one fmhcr aggregation -i-i- b 

the inAbs were aided ^t^thc i^Ion ^^^^ 5 f^°^" ^f^ ^^^^ the latter does not bind to naUve pra^^ 
incubationat50^Candtbenexpo^feonT^^at5^^^ ^'^^'^1''^ "^T^?^^ polypeptide 
After the incubation period auX iinmL.<^S^ Soh'^f ^ 'f'S. Z"^^ ^""^ 

preparations werecentrifugedandaddedtothc^Atd^ (Goloubmof aL. 1989>. Moreover, cii^^eroncs suppress 
pr^ously coated with pllydonal arS^o^^^^ aggregation but do not redissolve aggregate already present 

hours at 4» C The amount of mAb bound, dctcnnined as 10 aggregation of CPA and loss of its enzymic activity 

described above, will be proportional to the amount ot ^ ^ <lg>cndent on the tcn^>cranjrc and the time 

soluble CPA which remained after exposure to aggregation incubation (FIGS. L 2). Esterase activity seems to be 

conditions. Hie results arc presented in percentages. 100% affected at higher tenq)crature than peptidase activiiy. 

being the maximal absorbance obtained bcfOTc CPA heat "i<iicating that these activities follow difPexcnt reaction 
treatment ^ mechanisms (FIG. 2). These data are coizq>atibie witfi appli- 

AU data presented arc the mean of tr^Ucate detcimina- ^^'^ p-evious results (Solcnnon et aL, 1989; Solomon and 
tions. The standard deviation of die intra-assay and intcras- ^l)^ as weU as with fee findings of Vallee and his 

says were less than 5% in all cases. collaboratars (1969), who postulate that the active sfte of 

Amyloid EUSA Assays consists of non-identical but interacting binding sites 

The E1L15A plates were coated with rabbit polyclonal 20 P^<^. ^ substrates. As shown In FIG. Z the 
antibodies (Boeringer-Mannhcim) raised against synthetic imnmnological recognition of partially heat denatnred 
a-amyloid (l-«l) iSigma) (100 ngAvell) via covalent f^^zynic is better conserved than its residual enzymic activ- 
attacfamcnt to q>oxy^coated EUSA plates by incubation at . 

4" C for 16 hours. The residual ^xy groups were blocked inhibition of CPA aggregation, induced by incubation 

by non-fat milk: The reaction mixDires containing aqueous 25 ^ ^ interaction with two mAbs. CP9 

solution of ci-anryloid( 100 ngM). heparan sulfate (50 mM) ^10^ foUowed by measunng the peptidase and 

and/or chlcddc metal solutions (10^ at pH 6.5), were esterase enzymic activities (FIG. 3). The two mAbs, CPjo 
incubated at 37* C. for three hours. Hie aggregated a^id CP9 were chosen for this study on the basis of previoas 
p-amyloid preparations were removed by centnfiigation at regarding their effect on the enzyme behavior (Solomon 

15,000 g for 15 minutes. Tbe residual soluble p-amyloid was 30 Schwartz, 1995; Solomon ct aL, 1989; Solomon and 
incubated f cr anodicr one hour at 3T* C witfi mAbs AMY ®alas, 1991). The protection of enzymic activity of heated 
33 and/or SF3D at equal molar ratio antibody/antigen. In dependent on flie amount of antibody added to the 

another set of experiments, the mAbs were added to the enzyme and a molar ratio of 1:1 antibody/enzyme was 
reaction mixtures before incubation at 37** C. and then sufficient for the maximmn protection effect The peptidase 
incubated together fOT 3 hours at 37* C After the incubation 35 f^y^ of the CPA-CPtp conqdex was maintained at 90% of 
period, the imnninocaixqilexed amyloid preparations were initial activity in the iKesenoe of mAb CPjo- The probec- 

added to the ELISA plates, previously coated with poly- effect of mAbs on CPA activity during heat denatnration 

clonal anti-amyloid antibodies. The amount of mAb bound found to be related to the location of the anrigenic site 

win be proportional to the amount of soluble amyloid vdiidi antibody (FIG. 4), Even a great e^iccss of >mn>i«^ 

remained after exposure to aggr^adon conditions. 40 f^*^**^y <li<J Jio* assist in Tnaintaining CPA activity. loaease 

The amount of bound andbody was detomined using preservation of enzyme activity can be reached, however, 

a-mousc second antibodies labeled with hofsezaifish pcroxi- ^ ^ presence of a pair of two antibodies. Tins effect seems 
dase (HRP). The enzyme activity at HRP is directly pro- ^ ^ theiesultof a locking" <rf the conframation caused by 
poitional with the amount of residual amyloid bound to stodtaneous interaction with two different antibodies at two 
rabbit polyclonal antibodies. The enzyme activity of HRP 45 **^^<* epitopes (Solomon and Balas, 1991). 
was measured using O-phcnylenediamiEc (OPD) as sub- The amount of aggregated CPA was quantitated by ELISA 
stratc. The color developed was measured at A^ using an measurements. Disappearance of CPA. as a result of its 
ELISA reader. Data represent the mean of triplicate deter- aggregation during incubatiosi for one hour at 50* C was 
minations. The standard deviation of the intra-assay aiKl followed by a co mp et iti ve ELISA ass^ (FIG. 5) aad a 
intcrassays were less than 5% in all cases. 30 sandwich ass^ (FIG. The mAb. CI*io. maiatained 100% 

trsFAunn -n 1 of the (3*A iOivity in solution during heating fer one boar 

^ at 50* C (FIG. 6); CP^ provided a stigfat effect on CPA 

Aggregation of heat denatured CPA was followed by prelection at 50* C Both antibodies prevent the aggregatian 
determination of the residual enzymic activity of CPA using <rf a*A. similar to the data shown in PIG, 4, recognizing 
esterase and peptidase substrates. CPA (1 Jtigtoil) was inca- 53 *Tcey positions" on die laolcaiic responsible for heat dena- 
bated at various temperatures for one hour, and residual turation and aggregation of CPA. 

enzyme activity was determined. The tenq^craturc of 50* C The biological activity of the enzyme seems to be more 
was chosen for further smdy. At Ms temperature. mAbs sensitive to high teii5)crature3 than ttic insQluboHzation pro* 
studied keep all their immunological activity (personal cess. Subtle heat-induced confarmational chaises occumng 
data). Effect of immmiocOTi5>lcxation of CPA with its mAbs eo in CPA molecules are reflected by diange in enzymic 
was momtcffed by: (1) Determination of enzymic activity activity, even before transition between nattve-moftea ^ob- 
and (2) ELBA measurements as described httcin above. ulc conformation-aggregated states occurred. Iliese fin<fings 
Monodonal antibodies raised against native antigens are in contradiction to previous suggestions that the taologi- 
proved to be powerful tools in identification and character- cal functlim of a protein docs not necessarily leqoae fhfly 

ization of folding st^s by- recognition^of-incoinpletely 65 -folded protcin.(Hattcri-ct aL,a993X~^ 

folded antigens (Mendrick and Hard, 1993). The selected The antigen binding site of mAb CPjo (previously named 
antibodies might interact ai sites where protein unfolding is CP^o) was identified as one of the immunodomioantXBgions 
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of the enzyme, localized on the surface of the molecule sulfate binding domain (Fraser et aL. 1992) and 5x5^3 and 

between amino adds 209-218 (Solomon et aL 1989). The Lys^g arc supposed to provide the cationic binding sites 

localization of the <^itope recognized by CP^ has not yet being exposed on the same face of the p<5>iidc p sheet 

been clarified, but it does not interfere with the mAb CP^o (Talafous et aL 1994), 

3 Binding of mAb AMY-33 to aA4 prevents sclf- 

by additivity measurements (Solomon and Balas, 1991). aggregation of the ^amyloid, jsobahdyby recognizing the 

Similar effects in suppression of antigen aggregation were sequence 25-28 located in the proposed aggregation frag- 

obtained after immunocompicxation of horseradish pcroxi- ment comprising the amino adds berween 25—28 (Yankhcr 

et aL, 1990) (FCG. 8). This antibody prevents intramolccalar 

The data available in literatnre suggests that for practi- aggregation occumng in the presence of hq>aran sulfate, 

cally all the antigens it might be possible to prepare mono- which is supposed to affect only the aggregation of precx- 

clonal antibodies which bind with high affinity without isting amyloid fibers (Krascr et aL. 1992). Inhibiticn of 

affecting their catalytic activity. Moreover. mAbs like &e p-amyloid aggregation in the prfAcnn of mAb 6F^D was 

majority of immunoglobulins, are robust molecules and partiafly effective only in the presence of Zn^. 

survive in a variety of environments, induding high On the basis of apj^cants findings xcga-ding other 

temperatures, low pH. denaturing agents. Fomiation of such antigen-antibody systems studies (Solomon et aL, 1989; 

immunocon:q)lcxes should provide a general and convenient Solomon and Balas. 1991), the fOTmation of the immimo^ 

method for suppression of aggregatiwi and stabilization of conq>lcxcs with selected, highly specific monodonal 

their antigen without affecting the biological properties of antibodies, should provide a gena-al and convenient method 

the given antigen. 20 prevent aggrcgaticHi of the proteins without affecting thdr 

: Jl . EXAMPLE 2 biological properties. 

1 2 ^ At least 15 different polypeptides arc known to be c^jable 

!*f This example investigates the immunocompicxation of causing in vivo SSaem foons of amyloidosis via their 

effect on the in vitro aggregation of ^-amyloid. Aggregation ^ dqK^ition in particolar organs ortissoes as insoluble protdn 

IJI of p-amyloid was found to be dependent on flie pH. peptide fibrils. 

1 u concentotion. tenqxaature and time of incubation (Burdidc Recent advances in antibody ci^tneccing tedmology, as 
g f^-^ 1992). In ^Hcant*s cjq)crii£ents. the aggregation of weU as in the dcvdopaiKait of suitable dcHvery systems 
; p-Mnyloid was performed by incubation of aqueous solution (Haber, 1992; Pluctlhnn, 1992; Tiavis, 1993; Marasco et aU 

(rfpA4 (10 mg/ml) for three hours at 37«C. The p-amyloid 30 1993) make it possible to develop functional snaU antibody 

%i aggregation was foUowed by EUSA n^asurements osing feagments to serve as flicrapeutic dj^wnes for die treat. 

two different commerdaUy available monodonal antibodies mcnt of Alzheimer's disease as wdl as other human amy- 

raised against p-amyloid: a^uman p-amyloid 6P/3V loidosis diseases by gene based thcrsmics, 

2 obtained fi^om Accurate Chemical and Scientific Corp, a^,-^#,*«- «f .k«. • - 

Wcstbuiy. NJ USA, and mAb AMY 33 rStem et ai 1900^ i'^cation of the above findmgs form vivo aggrcgatioii, 

. 5 v^^ lt^^^^ S fj^^ ^"^^ ^ .ingle diain antibodies (Hncithun, 1992) or 

^ ^^i^Pti<^^ ^-17 and 1^28, resp^^^^^ ;:Sn^r^^anTS-^"^^^ 

^ ? The addition of the antibodies was made before or after application ^cos pubKottions are ref- 

n -tt^ht^ «f cxmt*,^-^ R rt, *r creoced by citation or numbet Rill citations foe the poh!^ 

^^^f^e r^Sr^oTtS^^ ^ <^o^ referenced by number are listed bdow. The S- 

^iJ^'J?^ ^^^^ ^ the p^lmd was per- ^ publications in Ihcir entireties are hereby 

lonned in the presence of heparan sulfate and/or metal ions. . ^ . ^ . .77^ .J' . uawy 

sud. as Za^'a^r^. ^teantibody Z^^^J^^ S^^^f l?f Jf 

I *. . . _ more mlty describe the state of the ait to which rtwa 

supposed to rcco^ an qalope spamicd between fiie invcnt^pcrUum, or me aa to wmcD uns 

sequence 1-28, mhihits the Pnamyl<Hd aggregation occur- 45 k« 

ling in the presence or absence of heparan sulfate (FKj.TA). invention has been described in an illustrative 

Any significant effect on metal-induced am^oid aggrega- manmx. and it is to be understood that the tenmndogy 

tion was observed under the same experimental conditioas. hasbeen used ia intended to be in die nature of woatds 

The mAb 6F/3D, recognizing an qntope located between desctqition latber than of linxitatioB. 

the sequence 8*17 of ^e p-amyloid, interfoes widi Zn^- 50 ObvionsJy, many modificatioos and vadatiass of the 

incfaiced aggregation, showing a partial solubtiization effect present invention arc possible in H^n of the above teacb- 

on already aggregated ^-amyloid, but has no effect on other ^ ^ therefore, to be undecstood that witiiin &e scope 

aggregating agents (FIG. 7B). of &e appended daims, tiie iiKveatio& may be practiced 

Metals, such as Zn**andAl**, have been proposed as risk otherwise than as apedfically described. 

&ctc^ for Alzheimer's disease devdopment (Mantyfa et aL, 55 

1993: Rnederickson, 1989; Md^adxlan ct aL, 1991). The REFERENCES 

aggregation of ^4 induced by aluminnm is distinguishable Banks and K-agriw (1992) 

fr<m that induced by Zn in tcnns of lole. extent. pH and Blond and Goldberg, Tartly native epitopes are already 

temperature dependence (MantyhctaL 1993). Although the present on early intermediates in the folding of tryptoj^ 

pedse site of interaction of metal ions and pA4 is not 60 synJhasc." FNAS (USA), S4:1147-1151 (1987). 

clarified, several residues in PA4 are candidates f<H- metal Brems (1988) Biodicmistry 27, 4541-4545. 

binding. The ^4 histidine residues (Bh^^ -HiSiJ may be Burdick et aL (1992) J. Bid. Chcrn. 257, 546-554, 

implicated in fibdl formation and it is concdvable that at Bush et aU ''Rapid Induction of Alzheimer Ap Am^oid 

least Hj^ remains available for intcimolecular dectrostaxic Formation by Zhuf Sdence 265:1465-1467 (1994). 

interactions between anti-paralld chains (Talfous et aL^ 65 C^aiison and Yarmush, -Antibody assisted prcAdn refold- 

1994). The site defined by Valia-HiSi3-His„-<HUi5.LySi^ ing.** BioHrechnoL, 10:86-91 (1992). 

LcUi7 has been identified as a sequence containing a heparan Qiotiiia and Janin ( 1975) Nature 256, 705—708. 
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What is daimed is: 

1. A method of selecting an anti-aggregation molecule 
having the ch^one-Hke activity of anti-aggregation, 
wbcrcm the anti-aggregation molecule is selected fi-om the 
group consisting ctf a monoclonal antibody, a genetically 
engmeeied antibody antigen binding fragmait, and a single 
20 chain monoclonal antibody, and wherein said anti- 
aggregation molecule hinds to a bioactrve native target 
polypeptide epitope with a high binding constant and is 
non-inhihitory to the biological activity of the target 
polypeptide comprising the steps of: 

deaamring a taiget polypeptide which aggregates, 
miting the target polypeptide with said anti-aggregation 
molecule to form a mixture, 

incubating die mixture under conditions allowing for 
aggregation, ^ 

s«slecting non-aggregated mixtures, and 
te^g the nonaggregaled targrt polypeptide coopied to 
the anti-aggregation molecule for hioactivity thcieby 
selecting an anti-aggregation molecule with tfie 
cfa^ne-^ activity of anti-aggregation whidi when 
^i?>lcd to the taigrt polypeptide maintains hioactivity 

2jrhe mctiiod of daim 1 further diaiactaized by tto 
targ^ polypeptide being ^-amyloid. 

3 A method of sdecting an anti-aggregation moieculc 
ch^ne-lifa activity^^ti-aggregS 
whercm tiie anti-aggregation mciecule is selected fi^thc 
gro^ consisting of a roonod<Hial antibody, a gcneticaHv 
^gineered antibody antigen binding fegmit. aSTrfngk 
chain monoclonal antibody, and wherein said 3! 
amirecation mrJ^^i. ui-^^ ^ " 



sub^corforniationalallaatioDsinttmciiz™ as ^ monoclonal antibody, and wherein said anSl 

^o«*anistry. 28:1235-1241 (19891 "'^'^°»- *^ a«ff<«alion moleade binds to a Woactive n^ tarect 



" — — «B w a unMUAivc naive Target 

polypeptide epitope with a Mgh binding constaitt, icverL 

^F^J^^^^:^'^^^^^ *° ^ biological activity 
of the target polypeptide congitiangtiicstqjscfc 

laxgwring an aggregated target polypeptide, 

mixing tbc taiget poJypeptidc with said anti-aggregation 
mokcole to f onn a mixtnre, 

selecting mixtures with non-aggregated tarset 
polypeptides, and ^ - 

testing the target polypeptide coupled to die anti- 
fggr^ation molecule for bioactivity flier^ identify- 
ing an auti-aggregati<m molecule wfth die chs^Kron^ 
mcB activity of anti-aggregation which when coupled to 
the target polypeptide Tn^rinr^'^e hioactivity. 

4 The method of daim 3 fiarthcr characterised by the 
target polypeptide being P-an^oid. 
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RAMQT -UNIVERSITY ADTHORITY FOR APPLIED RESEARCH 
AND INDDSTRIAIi DEVEIiOPMENT, LTD. 



32 Haim Levanon Street - P.O. Box 39296 
Tel-Aviv 61392 Israel 



I hereby declare that the above identifietd small business concern cjualifies as a 
small business concern as defined in 13 CFR 121.3-18, and reproduced in 37 CFR 
1 . 9 (d) , for purposes of paying reduced fees under Section 41(a) and (b) of Title 
35, United states Code, in that the numibei:- of eniplcyees of ths ccncem, including 
those of its affiliates, does not exceed 500 persons. For purposes of this 
statement: (1) the number of en5)loyees of the business concern is the average 
over the previous fiscal year of the concern of the persons employed on a f\ai- 
time, part-time or teii?>orary basis during each of the pay periods of the fiscal 
year, and (2) concerns are affiliates of each other when, either directly or 
indirectly, one concern controls or has the power to control the other, or a 
third-pairty or parties controls or has the power to control both, 

I hereby declare that rights under contract or law have been conveyed to and 
remain with the small business concern identified above with regard to the 
invention referenced above. 



Described in: 

X the specification filed herewith. 

application referenced above. 

patent referenced above. 
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If the rights held^jj^ the above- identified small busines|^fcpncem are not 
exclusive, each in^^^Bual, concern or organization hav:^^Brights to the 

invention is listed iSV?* and no rights to the invention are^TO by any person, 
other than the inventor, who would not qualify as an independent inventor under 
37 CFR 1.9(c), if that person made the invention, or by any concern which would 
not qualify as a small business concern under 37 CFR 1.9(d) or a nonprofit 
organization under 37 CFR 1.9(e). 

* NOTE: Separate verified statements are required from each 
named person, concern or organization having rights to 
the invention averring to their status as small entities. 
(37 CFR 1.27) 



NAME: 
ADDRESS : 



Individual Small Business Nonprofit Organization 



NAME: 
ADDRESS : 



l f\ Individual Small Business Nonprofit Organization 



I acknowledge the duty to file, in this application or patent, notification of 
any change in status resulting in loss of entitlement to small entity status 
prior to paying, or at the time of paying, the earliest of the issue fee or any 
maintenance fee due after the date on which status as a small entity is no longer 
appropriate, [37 CFR 1.28(b) 3 



I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willfxil false 
statements and the like so made are punishable by fine or iiqprisonment, or both, 
^ under Section 1001 of Title 18 of tbe United States Code, and that such willful 

g false statements may jeopardize the validity of tbe application, any patent 

issuing thereon, or any patent to which this verified statement is directed. 




SKSNATORE: I y^/ V Date; 9/3/99 

Ha n a n el Kvatinsky 
Manager-Patents Department 



SICaOVTURE: 0 Dates 9/3/99 

Rami Finkler 

President /General Manager 



^^i^^,ViAd&e"sf of Persons Signing: 32 Haim Ijevanon Street 



\ Tel Aviv 61392 ISRAEL 

SlT^-'\ 1' * \ ~ — 
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